Using the Cosmic Origins Spectrograph (COS) on the Hubble Space Telescope (HST) the COS Science Team has conducted a high signal-to-noise survey of 14 bright QSOs. In a previous paper (Savage et al. 2014 ) these far-UV spectra were used to discover 14 "warm" (T ≥ 10 5 K) absorbers using a combination of broad Lyα and broad O VI absorptions. A reanalysis of a few of this new class of absorbers using slightly relaxed fitting criteria finds as many as 20 warm absorbers could be present in this sample. A shallow, wide spectroscopic galaxy redshift survey has been conducted around these sightlines to investigate the warm absorber environment, which is found to be spiral-rich groups or cluster outskirts with radial velocity dispersions σ = 250-750 km s −1 . While 2σ evidence is presented favoring the hypothesis that these absorptions are associated with the galaxy groups and not with the individual, nearest galaxies, this evidence has considerable systematic uncertainties and is based on a small sample size so it is not entirely conclusive. If the associations are with galaxy groups, the observed frequency of warm absorbers (dN /dz = 3.5-5 per unit redshift) requires them to be very extended as an ensemble on the sky (∼ 1 Mpc in radius at high covering factor). Most likely these warm absorbers are interface gas clouds whose presence implies the existence of a hotter (T∼ 10 6.5 K), diffuse and probably very massive (> 10 11 M ⊙ ) intra-group medium which has yet to be detected directly.
INTRODUCTION
On the basis of theoretical and observational considerations (e.g., Spitzer 1956; McGaugh et al. 2000; Pagel 2008 ) and numerical simulations (Klypin et al. 2001) a massive halo of gas is expected around every luminous late-type galaxy, otherwise these systems would be baryon deficient relative to dark matter (Klypin et al. 2001; Stocke et al. 2013 ). If present in spiral galaxy halos, these as yet undetected baryons could add considerably to the overall baryon inventory at z ≈ 0, which has not yet been finalized (Fukugita, Hogan, & Peebles 1998; Bregman 2007; Shull et al. 2012) . Additionally, while cosmological simulations find that the amount of gas accretion, both cold and hot, has declined by an order of magnitude since redshifts of 2-4 (Keres & Hernquist 2009), there still needs to be sufficient infall in recent times to satisfy the constraints of the "G-dwarf problem" (Larson 1972; Pagel 2008) and to maintain the high star-formation-rates (SFR) in current day, massive spiral galaxies (Binney & Tremaine 1987; Chomiuk & Povich 2011) .
On a larger scale, our Milky Way and virtually all large spirals are members of small groups of galaxies which may or may not be bound entities (Pisani, Ramella & Geller 2003; Berlind et al. 2006) .
Detailed studies of the Local Supercluster by Tully et al. (2009) concluded that there are virtually no isolated galaxies although more recently a few relatively isolated dwarfs have been located (Karachentseva, Karachentsev & Sharina 2010) . Almost all galaxies in the Local Supercluster can be identified as members of bound groups and clusters or possibly unbound associations. Therefore, it is likely that the distinction between individual galaxy halos and a larger, intra-group medium in spiral-rich groups may be largely semantic; i.e., individual galaxy halos may merge to form a larger gas reservoir that could fill much or all of the volume of the group. Numerical simulations (Cen & Ostriker 1999; Davé et al. 1999) suggest that metal-enriched gas escaping from galaxies by supernovaand AGN-driven winds reaches distances of ≥ 1 Mpc and observations find that O VI absorbers (the most sensitive tracer of metal-enriched gas at low-z) extend ∼ 1 Mpc from the nearest L * galaxy (Tumlinson & Fang 2005; Stocke et al. 2006) . However, the ultimate source, physical conditions and extent of this low-metallicity, halo/intra-group gas has not yet been identified and char-acterized.
On the other hand, large reservoirs of low-metallicity ([Z] ≈ -0.5 solar) hot gas already are detected via thermal bremsstrahlung X-ray emission in groups and clusters of early-type galaxies (Sarazin 1988; Mulchaey 2000) . The intra-cluster and intra-group gas contains a greater number of baryons than in the member galaxies and raises the baryon-to-dark matter ratio in groups and clusters to the cosmic mean (1:5; White et al. 1993) . This suggests that these systems are "closed boxes" from an evolutionary perspective. However, only those clusters and groups sufficiently evolved dynamically to contain giant elliptical galaxies at or near their centers are detected in soft X-ray emission (Mulchaey 2000) . Since no spiral-rich groups were detected in their large ROSAT survey of nearby groups of galaxies, Mulchaey et al. (1996) suggested that the intra-group gas in these systems is too cool to emit X-rays in sufficient numbers and energy to be detectable using current instruments. Using the observed scaling-relation between the X-ray determined gas temperature T x and the group velocity dispersion σ v , a factor of 5-30 cooler gas temperatures are predicted for spiral-rich groups based on their lower observed galaxy radial velocity dispersions of σ v =100-300 km s −1 . Indeed, some of these groups may not even be fully gravitationally-bound much less virialized. Instead, Mulchaey et al. (1996) suggested that this T ≈ 10 6 K gas would be most easily detected using absorption-line spectroscopy of background UVbright sources. Given the expected temperature range for spiral group gas, the UV absorption doublet of O VI 1032, 1038Å would be the most sensitive indicator. However, the fraction of oxygen which is in the quintuplyionized state is small (≤10%) in T ≥ 10 6 K gas with most of the oxygen being in more highly-ionized states (O VII and O VIII), which are detectable in soft X-ray absorption lines. If imaging such sources of diffuse, very soft X-ray emitting gas were possible, then their physical extents, covering factors, densities, metallicities and temperatures could be measured. But this is not currently possible. Following Savage et al. (2014, Paper 1 hereafter) we will term this potential reservoir "warm gas" (T∼ 10 5−6 K), in contrast to cool (T∼ 10 4 K), photoionized gas and hot (T≥ 10 6 K) intra-group and cluster gas.
Since the original proposal of Bahcall & Spitzer (1969) , it has been suspected that many of the multitude of absorption lines seen in the spectra of high-z QSOs are due to galaxy halos. The discovery of the lowz Lyα "forest" (Morris et al. 1991; Bahcall et al. 1991) with the Hubble Space Telescope (HST) offers us an opportunity to test these theoretical predictions for spiral galaxies and their environments. An FUV QSO absorption-line method for detecting this warm gas is feasible: Broad Lyα Absorbers (BLAs) with b-values ≥ 40 km s −1 corresponding to T ≥ 10 5.0 K (Richter et al. 2004; Lehner et al. 2007; Danforth, Stocke & Shull 2010; Narayanan, Wakker & Savage 2009; Savage et al. 2010 , and Paper 1) and the O VI 1032,1038Å absorption doublet associated with these BLAs. But BLAs are very difficult to detect in low or even modest signal-to-noise (S/N) spectra (e.g., S/N ≤ 15) obtained with the Goddard High Resolution Spectrograph (GHRS) or the Space Telescope Imaging Spectrograph; (STIS; Lehner et al. 2007; Danforth, Stocke & Shull 2010; Tilton et al. 2012) . Currently, HST's Cosmic Origins Spectrograph (COS; Green et al. 2012; Osterman et al. 2011 ) is routinely returning S/N ≥ 20 R ≈ 18,000 far-ultraviolet (FUV) spectra in the 1150-1750Å band.
The COS Science Team has obtained S/N≥ 20 FUV spectra of 14 bright QSOs for the purpose of conducting a sensitive spectroscopic survey, including searching for O VI absorption and BLAs (Paper 1 and Savage et al. 2010 Savage et al. , 2011a Savage, Lehner, & Narayanan 2011b ) that could be associated with warm gas. Starting with 54 detected O VI absorption systems containing 85 individual O VI components, Paper 1 identified 54 possibly aligned O VI and Lyα components, out of which temperature measurements were possible for 45 of the 54. Of these forty-five, 31 (69%) show association with cool, photoionized gas; the remaining 14 aligned components have observed b-values which are indicative of T>10 5 K gas and are most likely collisionally-ionized. The O VI in the misaligned O VI components could be produced in warm collisionally-ionized or in cool photoionized-ionized gas. HST/COS is our first opportunity to study these unusual absorbers in some detail; for the most part the warm absorbers studied here are detected at too low a contrast to have been discovered and studied previously (but see Narayanan et al. 2010; Savage et al. 2010 Savage et al. , 2011a Savage, Lehner, & Narayanan 2011b , for early reports from this survey). Despite very high S/N groundbased optical spectra, similar BLA detections have not been made at z ≥2 owing to the density of the photoionized Lyα forest absorptions at those redshifts.
HST/STIS and COS already have provided the first detailed look at the cooler, metal-enriched clouds in galaxy halos at low redshift using H I absorption with log N HI ≥ 14.0 cm −2 (all column densities herein will be quoted in cm −2 ) and b-values of 20-30 km s −1 (all b-values will be quoted in km s −1 ) and metal ion absorption in species such as C II, Si II, Si III, C III, Si IV, C IV, N V and O VI. Targeting specific galaxy halos at z ∼ 0.2 with COS, Tumlinson et al. (2011) discovered log N O V I ≥ 14.3 O VI absorption out to 150 kpc radius around late-type galaxies at high covering factor. While ion states lower than O VI are well-modeled as being in photo-ionization equilibrium (e.g., Werk et al. 2014) , the ionization source for the O VI absorption associated with these cool clouds remains controversial (Tripp et al. 2008; Danforth & Shull 2008; Davé & Oppenheimer 2007) . Stocke et al. (2006) , and Prochaska et al. (2011a,b) used STIS archival spectra to make galaxy halo detections serendipitously. These studies showed that O VI absorption extends much further away from galaxies than the lower ions, as much as ∼ 1 Mpc away from L ≥ L * galaxies, much farther than the virial radius of an L * galaxy (see Stocke et al. 2013 for the luminositydetermined virial radius values used herein). These stronger O VI systems are more readily detected in lower S/N COS spectra (e.g., Tumlinson et al. 2011 ) than the broad, shallow O VI associated with BLAs in the warm absorbers studied here and in Paper 1 in higher-S/N spectra. Often the much stronger, photo-ionized ab-sorbers are present in the same absorber complex with BLAs and aligned O VI. It is the presence of the cooler clouds which ultimately sets the detectability of the warm absorbers in many cases rather than the raw S/N of the spectra. Werk et al. (2013 Werk et al. ( , 2014 ; Stocke et al. (2013) ; Keeney et al. (2013 Keeney et al. ( , 2014 and others have studied these cooler clouds using simple photo-ionization modeling to determine approximate physical conditions in cool halo clouds: T ∼ 10 4 K; log n HI = -3 to -4 cm −3 and metallicities ranging from < 1% solar to slightly super solar. These cloud conditions are inferred by assuming single phase, uniform density clouds in photo-ionization equilibrium with the extragalactic ionizing radiation field. Given the very high covering factors observed for the H I and metal-line absorption (∼ 100% inside the virial radius of late-type, L ≥ 0.1L * galaxies; Prochaska et al. 2011a; Stocke et al. 2013 ), these clouds must be quite numerous with a very large total mass. Stocke et al. estimate a total mass in these clouds approaching 10
10 M ⊙ for L * galaxies, comparable to the mass in the parent galaxy disk. Werk et al. (2014) suggest an even larger mass in the photo-ionized clouds.
The O VI absorption lines usually are not included as constraints in this modeling because the O VI may not be photo-ionized in all cases (Davé & Oppenheimer 2007; Tripp et al. 2008; Danforth & Shull 2008; Smith et al. 2011; Shull et al. 2012) . If the ubiquitous O VI absorption discovered by Tumlinson et al. (2011) is a shockheated interface between these cool clouds and a hotter medium, then what is the nature of the hotter medium, its physical conditions, extent, total mass, metallicity and source? Based on the few, early warm absorber detections and the properties of the cool clouds, Stocke et al. (2013) hypothesized that this warm reservoir of halo gas could contain ≥ 10 11 M ⊙ of gas. If this is correct, then, as with more virialized groups and clusters of galaxies, this warm halo gas could contain most of the baryons in the system.
Following the lead of Paper 1 (see also Savage et al. 2010 Savage et al. , 2011a we use BLA plus O VI absorption to investigate this warm halo gas in the light of the group gas hypothesis. In Section 2 and Appendix A we reanalyze a small fraction of the O VI plus H I absorbers presented in Paper 1 to determine a plausible maximum number of warm absorbers. The detailed component model fits for these few warm absorber candidates are shown in the Appendix A, for which a summary of results is provided at the end of Section 2.
In Section 3 the galaxy environment of the low-z warm absorbers is presented. Since the data in-hand comes from wide-field multi-object spectroscopy (MOS) on 4m-class telescopes, it is not exceptionally deep, limiting discussions of warm absorber environments to z < 0.15. A comparison between warm absorber environments and those in which cooler, photo-ionized absorbers are found also is presented. Sections 3.4 and 3.5 provide a summary of the inferences from the galaxy group analysis. Section 4 describes the major pieces of evidence that favor the hypothesis that these warm absorbers are the detection of a massive reservoir of gas in spiral galaxy groups. Section 5 summarizes the main results of this study. Throughout this paper we use the WMAP-9 cosmology with H 0 = 70 km s −1 Mpc −1 (Hinshaw et al. 2013 ).
2. BROAD LYMAN ALPHA IN WARM GAS AT T ≥ 10 5 K Paper 1 presented an investigation of all 14 high-S/N COS FUV spectra obtained by the COS Science Team's Guaranteed Time Observations (GTO). These 14 sightlines were chosen to provide the highest quality FUV spectra in the shortest observing time. In these spectra Paper 1 identified 14 potential warm absorbers defined as having inferred temperatures T ≥ 10 5 K based on their Lyα and O VI thermal line widths in systems for which the H I and O VI absorptions are aligned in velocity. The thermal (T) and non-thermal (NT) widths of these absorption lines were determined from the observed H I and O VI line widths by assuming that the NT width is independent of species while the T width is inversely proportional to the square root of atomic weight. Also these different species must arise in the same parcel of gas, an assumption allowed for but not demanded by their alignment in velocity. For this type of analysis to be robust, several species, not just H I and O VI, are required, but are generally not available.
One physical source of line-broadening not specifically addressed in Paper 1 is Hubble flow broadening. Because later in this paper we will propose that these warm absorbers might be associated with groups of galaxies requiring their physical extents to be ∼ 1 Mpc, significant Hubble flow broadening could be present if the associated galaxy groups are not gravitationally-bound. As with other NT broadening mechanisms, if Hubble flow were important it would require near equality of H I and O VI b-values (as well as for other species detected) and so would be taken into account in the analysis of Paper 1. A few of the identified "warm absorber" systems do have significant b N T values, which could be Hubble broadening but this does not alter the temperature determinations found herein.
Paper 1 also identifies two broad O VI absorbers without associated Lyα absorption, PKS 0405-123/0.16716 and PHL 1811/0.13280 (Paper 1; Figure 10d ) which are likely warm absorbers (throughout this paper we identify a particular absorber by its sightline/redshift). Although they do not meet the selection criteria adopted in Paper 1 because a BLA is not detected, their inferred T ≥10 5 K makes these probable warm absorbers. Except for the few potential warm absorbers described here and reanalyzed in Appendix A, we adopt the classification of the other ∼ 30 H I + O VI absorbers from Paper 1 as "cool" photo-ionized absorbers and "misaligned" H I Lyα/O VI absorbers.
Here we adopt a complementary tactic in reanalyzing a few of the Paper 1 potential warm absorbers by starting with the O VI line profile and width, which is often less confused by lower temperature (i.e., cool, photo-ionized) absorption than the BLA. If the O VI data comes from COS, then the S/N is usually sufficient to determine if the profile is symmetrical enough to be well-fit with a single Gaussian profile. In some cases where H I Lyα is detected by COS at low-redshift (z < 0.12), the O VI lines are in the spectroscopic band covered by the Far Ultra-violet Spectroscopic Explorer (FUSE) satellite; for these 14 very bright targets FUSE spectra often possess the quality to permit such an assessment as well. We do not reanalyze those absorbers with complex O VI line width. An alignment between the BLA and the O VI absorption and log T(K) ≥ 5.0 are required for an absorber identification as "warm". In some cases the S/N is insufficient to make this determination while in others a symmetric Gaussian is not a good fit to the O VI profile or the O VI does not align with the BLA. In these cases we do not attempt a reanalysis and we adopt the spectral fits presented in Paper 1 as final. In fact, all linefits derived in Paper 1 are fully acceptable but, owing to blends of broad, shallow components and saturated cool components, the Lyα line widths and velocity centroids are uncertain in some cases. We emphasize that the Lyα line fits, whether in Paper 1 or herein, are inherently uncertain due to the complex superposition of "warm" and "cool" components to the absorption. And in some cases the uncertainties in the temperature estimates are large, although almost all absorbers classified as "warm" are unambiguously at log T(K) ≥ 5.0.
Scrutiny of the O VI absorbers in Paper 1 finds only seven cases where a reanalysis is suggested by the O VI line profile (see Table 1 ). In these cases the O VI absorption profile is symmetric but Paper 1 identified a large proportion of the line width as NT or did not find a corresponding Lyα component aligned with the O VI. Table  1 contains the identification of these seven absorbers by sightline and redshift, listing b-values, whether the Lyα and O VI components are aligned in velocity as determined in Paper 1, whether a new fit is presented herein and whether a new warm absorber is proposed. The intent of these reanalyses is to determine if more warm absorbers could be present in this sample if a different approach to the line-fitting is performed. These reanalyses were performed by an independent set of co-authors (JTS, CWD) from the analysis in Paper 1.
To this list we have added three absorbers which were not classified as broad, symmetric and aligned by Paper 1, PKS 2155-304/0.05722, PG 1116+215/0.13850 and 3C 263/0.11389. The former absorber has a tentative O VIII absorption detection in a Chandra ACIS/LETG grating spectrum (Fang, Canizares, & Yao 2007) indicative of warm gas if the O VIII absorption is real. The second absorber possesses a very symmetric O VI line profile and weak broad wings to Lyα, which were ascribed to non-thermal motion in Paper 1. The third absorber has a BLA that appears to be consistent in its large bvalue between Lyα and Lyβ but has no associated O VI. The detailed reanalysis of each of these absorbers can be found in Appendix A, from which we now summarize the results.
Our reanalysis found that in six cases there was no reasonable alternative to the model solutions found by Paper 1, so that for these six absorbers and all others not reanalyzed, we adopt the model solutions presented in Paper 1 (see Table 2 and Paper 1, Table 5 for a list of the warm absorbers in order of their quality). An updated solution is suggested only for four absorbers, which are presented in Table 3 and summarized below.
(1) In the case of 3C 273/0.09010 a fourth Lyα component aligned with the O VI was added but with poorly constrained b-values. For our best-fit result, the bvalues derived suggest that a warm absorber probably is present.
(2) For PG 1116+215/0.13850 our reanalysis finds that a much broader fit to Lyα is plausible, which is a better match to the broad, symmetric O VI profile. This new solution obviates the need for an absorber model which is dominated by NT motions despite having O VI 1032, 1038Åline profiles which are demonstrably smooth and symmetric to the limits of the COS signal-to-noise. In this new model the broad absorber has line profiles which are dominated by thermal broadening and a high value of log T(K)=5.6. (3) For Ton 236/0.19457 a viable, alternative fit is suggested which does not differ significantly from the results of Paper 1 and the presence of a single "warm absorber" is confirmed but with a hotter temperature (log T(K)=5.8) than the Paper 1 solution. (4) For PKS 0405-123/0.29770 we have found that a very broad Lyα absorber aligned with the broad O VI absorption can be fit to the data. Thus, we consider the existence of this warm absorber at log T(K)=5.7 as probable.
In addition, for the 3C 263/0.11389 absorber we confirm the detailed fits in Paper 1 but also find that a warm absorber is possibly present based on a smooth, symmetric BLA detected consistently in Lyβ (i.e., both line-fits yield consistent column densities and b-values). There is no detection of O VI absorption coincident with this Tables 2 and 3 ).
BLA.
With these revisions there is a net gain of three warm absorbers to the BLA + broad O VI list. By including the two O VI-only absorbers from Paper 1 (PHL 1811/0.13280 and PKS 0405-123/0.16716) as also being probably warm, a total of as many as 20 warm absorbers can be present in this sample. (The possible warm absorber, 3C 263/0.11389, is not included in this tally). The distribution of temperature values for the 20 members of the COS/GTO warm absorber sample is shown in Figure 1 . Unlike the initial discovery of the O VI-only system PKS 0405-123/0.16716 , most of the derived temperatures are below T∼10 6 K. Tables 2 and 3 provide the basic observational data for all of the warm absorbers in this sample. Table 2 compiles the spectral data from Paper 1 for the warm absorbers for which we have adopted the Paper 1 linefits. Table 3 lists the same information for the warm absorbers for which this paper supplies revised line-fits (see Appendix A). Table 4 provides the same observational data for the sample of low-z "cool", photo-ionized absorbers which are used for statistical purposes herein (11 from Paper 1 and two, PG 1259+593/0.04625a and b, added from another high-S/N COS spectrum and which is described in Danforth et al. (2014) ).
Due largely to the presence of narrow Lyα and O VI components that are plausibly cool halo clouds and their shocked interfaces (Tumlinson et al. 2011; Stocke et al. 2013) and due somewhat to the limited S/N of the COS spectra, we cannot dismiss the possibility that very low contrast, very broad (b > 100 km s −1 ) Lyα lines are present in some of these absorber complexes. We can state that their presence is neither required by the constraints of the O VI and Lyα line fits of Paper 1 nor by the reanalysis in the Appendix. But as the very high S/N COS spectra of 3C 273, PKS 2155-304 and PKS 0405-123 show, it is the presence of the cooler component absorption, not the S/N, which is the major hindrance in discovering more warm absorber systems. These limitations are difficult to quantify, so we make no attempt to do so. Rather we determine the total pathlength for discovering warm absorbers using a simplified calculation set by the S/N of the COS spectra alone.
The pathlength (δz) for warm absorber discovery is estimated using the entire redshift path of the 14 QSOs observed in this program minus the obscuration created by the Galactic damped Ly α line plus the high and low ionization metal lines that arise in the Galactic disk or halo. In this case we obtain a δz= 4.0 (see Danforth et al. 2014 ) and the number of warm absorbers per unit redshift, dN /dz = 3.5-5 based on the range in the number of warm absorbers in these 14 sightlines: 14 proposed by Paper 1; 20 by this paper. This is approximately 4 times the dN /dz for Mg II/Lyman limit system absorbers, which are thought to be optically-thick clouds in extended galaxy halos of radius ∼ 100 kpc with high covering factors (Steidel 1995; Churchill et al. 2000; Kacprzak et al. 2010 Kacprzak et al. , 2011 . If the warm absorbers also are associated only with luminous galaxies similar to the Mg II absorbers, their numbers suggest an absorber size of ∼ 200 kpc, comparable to the virial radius of an L * galaxy. As with the class of Mg II absorbers this inference needs to be confirmed by detecting galaxies associated with these warm absorbers. Luckily the combination of HST/COS and FUSE UV spectroscopy provides some detections at very low redshift by historical absorption line standards (i.e., z ≤ 0.15) whose fields can be searched for associated galaxies.
GALAXY GROUPS ASSOCIATED WITH O VI

ABSORBERS
In order to determine the galaxy environment of the warm and cool absorbers (see Tables 2, 3 & 4 for a summary of observed properties of the warm and cool absorbers considered here), we have used a combination of large-area redshift surveys like the Sloan Digital Sky Survey (SDSS) and the 2dF survey done at the AngloAustralian Telescope (AAT) and our own multi-object spectroscopy (MOS) program centered on the sightlines observed by the COS Science Team. Stocke et al. (2006 Stocke et al. ( , 2013 contains a description of our use of the large-area sky survey redshift catalog, which includes targeted observations made by others of specific sightlines in this survey (e.g., Morris et al. 1993; Tripp et al. 1998; Chen & Mulchaey 2009; Prochaska et al. 2011b; Johnson, Chen & Mulchaey 2013) . Our new observations include all but one of the 14 sightlines in Paper 1 and extend ∼ 2-3 magnitudes deeper than the SDSS (Keeney et al. 2014) ; the H 1821+643 field has not yet been observed by our survey because the target was observed with COS only recently (the only galaxy redshift observations in this region were reported by Tripp et al. (1998) and have a somewhat uncertain depth and breadth reported). For these 14 sightlines spectra and redshifts were obtained mostly at the WisconsinIndiana-Yale-NOAO (WIYN) 3.5-m telescope using the HYDRA MOS. Additional observations of southern targets were obtained at the Cerro-Tololo Inter-American Observatory's (CTIO) 4m Blanco Telescope using the version of HYDRA available there. A few additional southern targets were observed at the AAT using the AAOmega MOS system. Occasional long-slit spectra of galaxies nearest to absorbers were obtained at the Apache Point Observatory (APO) 3.5m telescope using the Dual-Imaging Spectrograph (DIS). Individual galaxy redshifts from this survey have typical velocity errors of ± 30 km s −1 . The MOS grating setup was selected to obtain good 
a The closest group galaxy to the QSO sight line is a 0.005 L * galaxy at ρ = 46 kpc (0.89 Rvir), but it has a large velocity separation of ∆v = 610 km s −1 with respect to z abs (Stocke et al. 2004 ). b The closest group galaxy to the QSO sight line is a 0.70 L * galaxy at ρ = 35 kpc (0.22 Rvir), but it has a large velocity separation of ∆v = 904 km s −1 with respect to z abs . a This absorber and the absorber at z = 0.05722 in the PKS 2155-304 sight line are associated with the same group of galaxies. The closest galaxy to the higher redshift absorber is the galaxy with the smallest impact parameter from this absorber, but it has a large velocity difference of ∆v = 677 km s −1 .
throughput just long-ward of 4000Å so that Ca II H & K might be detectable even for faint and diffuse targets at low redshift. At WIYN the 60 ′ field-of-view (FoV) corresponds to 6.7 Mpc at z = 0.1 and so is excellent for determining the large-scale environment of low-z absorbers. The FoVs at the CTIO 4m (40 ′ = 4.5 Mpc at z = 0.1) and at the AAT (120 ′ = 13.4 Mpc at z = 0.1) are also good matches to this goal. The > 90% completeness magnitude for our observations at WIYN/HYDRA (in approximately two-hour exposure times) is g = 20. The 90% completeness limit at AAT/AAOmega is g = 20.5, but CTIO's HYDRA system is less efficient than its counterpart at WIYN, with the CTIO observations being 90% complete to g = 19. A g = 20 mag limit corresponds to 0.16 L * at z = 0.1 and 1.2 L * at z = 0.25. Since it is necessary to find other associated galaxies at least 2 magnitudes fainter than L * in order to determine with some confidence if a small galaxy group is present or not, this 4m MOS survey is excellent for determining details of the galaxy environments only at z ≤ 0.10. And it will provide some preliminary information for 0.10 ≤ z ≤ 0.15, but little detail in most cases at z > 0.15. Details of the wide-angle 4-m galaxy survey work can be found in Keeney et al. (2014) .
Procedure for Defining Groups of Galaxies
Associated with Absorbers In this discussion and throughout this paper we use the term "galaxy group" to describe the large-scale (2-5 Mpc) galaxy environment of the absorbers studied here. We have defined these groups entirely by the observational properties provided by individual galaxy redshifts and sky locations using a "friends-of-friends" (FoF) approach similar to that employed by Berlind et al. (2006 Berlind et al. ( , 2008 using the SDSS data; i.e., we do not require detections of soft X-ray bremsstrahlung, which occurs only in elliptical-dominated groups (Mulchaey 2000) , nor a theoretically-inferred dark matter halo mass threshold. Indeed, most of the groups we have found do not contain early-type galaxies nor are they known sources of diffuse, soft X-ray emission but rather these groups are similar in galaxy content to spiral-rich groups found in the Local Supercluster (e.g., the M101/M51 group or the M96 group; see Section 3.2). Our use of the term "galaxy group" does not necessarily imply that these physical entities are either bound or virialized. Using standard crossing time arguments (Pisani, Ramella & Geller 2003; Berlind et al. 2006) , the velocity dispersions measured for these groups are sufficient for only one or two crossing times in a Hubble time. Further, many of these groups do not have Gaussian-distributed velocity distributions and physical locations required for such arguments to be robust (see the velocity distributions and galaxy locations for these groups in Figures 2, 3 & 4) . Therefore, by using the term "galaxy group", we imply only that these absorbers are surrounded by large and small galaxies in their vicinity, for which we have measured velocity distributions whose dispersions provide characteristic kinetic energies to which the gas kinetic energies can be compared using the COS-observed line-widths. Deeper spectroscopic observations for many of these groups are underway to further characterize the group memberships and velocity distributions; present observations limit a detailed discussion of group properties to all absorbers at z ≤ 0.10 and a few others out to z ≤0.15, based on the depth to which galaxy surveys have been completed in those regions. Tables 5, 6 & 7 list the basic characteristics of nearest galaxies and galaxy groups found around the QSO sightlines at the redshifts of the absorbers. For each absorber in these tables the galaxy group was identified and its membership defined using an FoF analysis (e.g., Berlind et al. 2006) . Table 5 lists the galaxy environment data for the warm absorbers at z ≤ 0.15. Similar data are shown in Table 6 for absorbers judged to be in photo-ionization equilibrium (i.e., "cool" absorbers at log T (K) < 5.0) and Table 7 for absorbers whose Lyα and O VI absorption lines are "misaligned" so that no unambiguous model can be constructed for these absorbers (see Paper 1 for details). Information in these Tables includes (in columns 1 & 2) the sightline and absorber redshift; (3) the nearest galaxy luminosity (L ng ) in L * units; (4) the impact parameter (ρ) to the nearest galaxy in kpc; (5) the impact parameter as a fraction of the virial radius of the nearest galaxy (R vir ). The virial radii for the nearest galaxies are calculated using the "halo matching" scaling between luminosity and virial radius due to Moster et al. (2013) as shown in Figure  1 of Stocke et al. (2013) ; (6) the velocity difference between the absorber and the nearest galaxy (∆v ng ) in km s −1 (± 30 km s −1 ); (7) the integrated group luminosity using all group galaxies observed (L grp ) in L * units; (8) the number of galaxies in the group (N grp ); (9) the impact parameter (ρ grp ) to the group centroid in kpc; (10) the group impact parameter in units of the virial radius (R vir ). The virial radii for the galaxy groups were calculated using M grp /L grp = 500 (M/L) 500 in solar units, which is close to the mean value for groups of the richness found (see discussion below); (11) the velocity difference between the absorber and the group mean velocity (∆v grp ) in km s −1 (± 30 km s −1 ); (12) the group velocity dispersion (σ grp and its associated error; see detailed discussion below) in km s −1 . Values and errors are listed for all groups with N grp ≥ 8. Single valued estimates are made for groups with N grp ≥ 3 (see detailed discussion below); (13) a second estimate of the group velocity dispersion assuming that the observed group is virialized using the procedure of Bryan & Norman (1998 , see detailed discussion below); and (14) the galaxy survey >90% completeness limit (L comp ) in L * units at the absorber redshift out to 2 Mpc radius from the sightline.
The velocity differences between absorbers and galaxies (column 6) or groups (column 11) are computed as follows: ∆v = c(z − z abs )/(1 + z abs ). Due to the range in redshifts and the variation in galaxy survey work along these sightlines, the completeness limits (column 14) can vary substantially. In some cases the completeness luminosity is a function of impact parameter; e.g., the H 1821+643/0.12141 field has deeper MMT/MOS close to the sightline as reported by Tripp et al. (1998) . In these cases the completeness luminosity is listed with its associated impact parameter (in kpc) in parentheses and the narrow/deep survey limit separated from the broad/shallow survey limit by a "/" in column (14).
Our group finding algorithm has several steps. In each case we start with a catalog of all galaxies within ±1000 km s −1 of the absorber redshift with impact pa-rameters ≤ 2 Mpc from the QSO sight line. Then we use an FoF algorithm to search for galaxies associated with the closest galaxy to the QSO sight line. In our FoF algorithm each galaxy has individualized linking lengths equal to 5R vir on the sky and five times larger than that in velocity space to match the relative scalings between the plane-of-the-sky linking length and the redshift linking length (l sky and l z ) from Berlind et al. (2006) . In order to make sure that we have investigated a large enough volume around the absorber to locate all group members, we proceed as follows. We assume that all of our potential groups have M grp /L grp = 500 (M/L) 500 in solar units, which provides a scaling relation between a group's luminosity and its radius and velocity dispersion (this mass-to-light ratio is close to the median value for the groups we have found (see analysis associated with Figure 1 in Stocke et al. 2013) ). Using the preliminary group luminosity, L grp , we then estimate the "virialized" group radius and velocity dispersion using:
where we have assumed Ω m = 0.282 (Hinshaw et al. 2013 ), ∆ . Since all of our groups have z grp < 0.15, we ignore any evolution of Ω m or ∆ vir with redshift. While we make no correction in this calculation to account for galaxies with luminosities below our completeness limit, such a correction is small in all cases for which there are sufficient group galaxies identified to quote reliable velocity disperisons (N grp ≥ 8). Values calculated using equation (2) above are listed in column (13) of Tables  5, 6 and 7. After the values of R grp and σ vir are calculated, we check to ensure that our search volume is large enough to include ±5σ vir from the group redshift and 2.5R grp from the group center. If it is not, then we expand the search volume, determine a new FoF group with updated values of R grp and σ vir , and iterate until our search volume satisfies these criteria.
Once this process is complete we use the FoF group as the first step in an iterative procedure within the final search volume to define the final group membership. At each step we determine the group's center on the sky and in redshift space and identify all galaxies (i.e., not just those identified as members in the previous step) within ±3σ vir of the group redshift and 1.5R grp of the group center as being group members. We then repeat this process until the group membership does not change from one iteration to the next. Usually the group membership converges in ≤ 3 iterations.
We have utilized the robust statistics described in Beers, Flynn & Gebhardt (1990) to minimize the effect of potentially spurious group members on the physical quantities of interest for our groups. The geometric center of the group on the sky and the group redshift are determined using the bi-weight location estimator, and the group's velocity dispersion (σ grp ) is calculated using the "gapper" scale estimator (Beers, Flynn & Gebhardt 1990) , which involves ordering the recession velocities v i = cz i /(1 + z grp ) from smallest to largest and defining weights, w i , and gaps, g i , such that:
The rest-frame velocity dispersion of the group is then:
These values are listed in column (12) in Tables 5, 6 and 7.
Our group finding procedure must indicate that a putative group has more than two members for us to quote any group properties. For groups with 3-7 members we list tentative group properties with approximate velocity dispersions (see column 12 for listings without formal error estimates). When a group has N grp ≥ 8 members we estimate the 90% confidence interval of the velocity dispersion with an "m out of n" bootstrap method using 10,000 resamplings of size 8 ≤ m ≤ N grp , where m is chosen using the prescription of Bickel & Sakov (2008) . When a group has N grp < 8 members we quote the dispersion returned by the gapper estimator without error bars because we have too few samples of the parent distribution to generate reliable confidence intervals. These 90% confidence errors are much greater than the typical uncertainty of our galaxy redshifts (∼ 30 km s −1 ). The measured velocity dispersion, σ grp , usually agrees remarkably well with that predicted solely from the group's luminosity, σ vir (see Equation 2), and for groups with N grp ≥ 8 members σ vir is within the 90% confidence interval of σ grp for all but one case, PG 1116+215/0.05897, whose σ values differ by an amount just greater than the estimated 90% confidence interval. We take the general agreement between these two values as an indication that our group identifications are relatively secure and that most of these systems are close to being virialized.
Associated groups with N grp < 8 members may have significantly larger dispersions than we have calculated (Beers, Flynn & Gebhardt 1990; Osmond & Ponman 2004; Helsdon, Ponman & Mulchaey 2005) ; for this reason we have not quoted errors on these values. Deeper observations are required to characterize these groups adequately since both their group boundaries and memberships and also their velocity dispersions can change appreciably with the discovery of a few new group members. Basic galaxy identifiers, sky positions and redshifts for all group members shown in Figures 2, 3 and 4 (N grp ≥ 8) can be found in Appendix B. Full galaxy redshift results from our on-going survey along these and other COS sightlines can be found in Keeney et al. (2014) .
Figures 2 (warm absorbers), 3 (cool absorbers) and 4 (misaligned absorbers) show all groups in this study for which ≥ 8 group members were identified by the group finding analysis described above. These figures Figure 2 . A montage of four galaxy groups associated with warm absorbers (see Table 5 ). At the top of each absorber plot is a histogram of galaxy radial velocities in ∆v relative to the absorber. The colored bins are the group members, blue and red bins are blueshifted and redshifted relative to the group centroid; the grey bins are the galaxies excluded by the group finding algorithm. The dashed yellow vertical line is the group velocity centroid. At bottom is the spatial distribution of galaxies around the absorber on the sky. The coordinates are in arcminutes relative to the QSO sightline which is indicated by the large star at the origin. The dashed circles show impact parameters in 1 Mpc units increasing outwards. The positions of group galaxies are marked with squares for redshift data from SDSS or our nearby galaxy catalog (see Stocke et al. 2006 , and Appendix B) or circles for redshift data from our own 4m MOS survey (see Keeney et al. 2014 , and Appendix B); the grey diamonds are non-group members (see Keeney et al. 2014) . The symbol size indicates the galaxy luminosity: large = super-L * , medium = sub-L * , and small = dwarfs. Blue symbols mark group galaxies with z < zgrp; red symbols are group galaxies with z > zgrp. The large "X" is the group centroid on the plane of the sky. Table 6 ). Coordinates and symbology are described in the caption to Figure 2 . See the text for a detailed discussion of the absorber groups shown in this Figure. show group members as colored circles or squares with non-group members in the same regions as grey triangles. The presence of grey triangle galaxies within the search region for virtually all these groups indicates that the group memberships are limited by the linking length criteria not the imposed boundaries of the search. However, two of these "groups" may extend beyond the initial search regions; these two groups are also much richer than the others in this study and contain luminous elliptical galaxies: 1. 3C273/0.00336 (Tripp et al. 2002; Rosenberg et al. 2003; Stocke et al. 2004; Yoon et al. 2012 ) is in the southern outskirts of the Virgo Cluster (see Figure 2) . When left unrestricted the FoF technique includes nearly 1000 galaxies in this group, including luminous ellipticals near the Virgo Cluster center > 5 Mpc away. However, in an effort to better characterize the more local environment of this absorber, we have decreased the linking lengths by a factor of two and restricted the search region to ≤ 1 Mpc from the absorber. The resulting values are still unusually large among warm absorber associations both in galaxy numbers (∼ 150) and also in total group luminosity (∼ 32 L * ). While the FoF algorithm identifies only a fraction of the galaxies in this restricted region as group members (colored vs. grey symbols in the 3C 273/0.00336 panel in Figure 2 ), inclusion of all of the grey-symboled galaxies (mostly dwarfs) as group members does not change the calculated velocity dispersion by an amount more than the quoted 90% confidence error range. The agreement between σ grp and σ vir in this case (see Table 5 ) are suggestive that our restrictive approach has defined a warm absorber group within a larger supercluster region.
2. The other very rich group found around warm absorber locations (PHL 1811/0.07773) is between two rich clusters, Abell 2402 and SDSS-C4 2012. However, the algorithm does identify a group confined within the search region with a few non-group members present within the region (see Figure 2) . We conclude that this is a welldefined group with a well-defined velocity dispersion (see the approximately Gaussian velocity distribution in Figure 2) within a larger supercluster region.
Three other fields deserve some brief comments with regard to the FoF group membership algorithm. In the case of the cool absorber group PG 0953+414/0.00212 (see Figure 3) the FoF analysis finds a fairly isolated group even though a higher redshift group (∆v ≥ 400 km s −1 ) is also present between 1 and 2 Mpc to the south (concentration of grey points to the south of the absorber and at higher radial velocities in the ∆v histogram). However, many small galaxies which might be included in the cool absorber group are excluded by the FoF analysis (grey symbols in the spatial plot and histogram mixed in with the identified group members). If those excluded galaxies are instead included, this group increases from 1.5L
* to 3.0L * in total luminosity but the velocity dispersion remains nearly identical to the value reported in Table 6 . Therefore, despite potential differences in group membership accounting, the characteristics of this group are fairly robust.
The warm absorber group Mrk 290/0.01027 shown in Figure 2 has been pointed out previously by Narayanan et al. (2010) , who describe this group as being in a "filament" of galaxies. Indeed, the FoF analysis links to galaxies out to ∼ 3 Mpc from the absorber but we truncate our analysis at ± 1.5R grp and 3σ vir . While either the group or filament descriptions seem valid, we retain the values shown in Table 2 for this warm absorber group for this analysis.
There are two anomalies created by the procedure of group identification above (see table notes to Table 5 ). For the PHL 1811/ 0.07773 absorber, a > 100 member group is identified which is well-centered around the absorber on the plane of the sky but offset in velocity (∆v grp = 330 km s −1 ) and with a very large velocity dispersion (σ = 630 km s −1 ). In this case there is an 0.7 L * group member which is closer on the sky to the absorber (0.22 R vir away) than a similarly bright galaxy, which is 1.75 R vir away (as listed in Table 5 ). However, this proximate galaxy has a ∆v = 904 km s −1 relative to the absorber, which greatly exceeds our adopted maximum velocity difference of 400 km s −1 to be associated with the absorber. This same galaxy has been identified as the one associated with a slightly higher redshift LLS absorber in the PHL 1811 FUV spectrum . Similarly, in the 3C 273/0.00336 absorber region there is an extreme dwarf (< 1% L * ) quite close to the sightline (ρ = 46 kpc) but at substantial ∆v = 610 km s −1 ; this dwarf is associated with a slightly higher redshift absorber in this same sightline (Stocke et al. 2004 ).
Spiral-Rich Galaxy Groups Associated with Warm
Absorbers at z ≤ 0.15 For the four warm absorbers at z ≤ 0.10 our 4m survey is more than adequate to supply a good description of their associated galaxy groups; all but one (Mrk 876/0.00315) have > 10 group members for galaxy survey completeness levels deeper than 0.1 L * . A fifth absorber, PHL 1811/0.13280, has also been surveyed deeply enough to establish the presence of a rich group. These four have velocity dispersions σ grp ≈ 250-650 km s −1 and total group luminosities of ∼ 5-50 L * . These numbers correspond to significant (4-100 + ) overdensities in galaxies.
While the richness, total luminosity and velocity dispersion of the Mrk876/0.00315 group would be much larger if many of the dwarfs in its region were included in this group by the FoF analysis, its listed ( (Table 7) . Coordinates and symbology are described in the caption to Figure 2 . The two PKS 2155-304 O VI + H I absorber groups at top are the same physical group since these absorbers bracket the redshifts of this group (Shull et al. 1998). values are less than the Local Group, dominated by a single 0.25L * galaxy. If we were to include all the 22 galaxies in the original search volume as group members, this "group" would have a total group luminosity of ∼
2L
* and a velocity dispersion σ ∼ 250 km s −1 , which would make it comparable to the Local Group and only slightly poorer but with a velocity dispersion comparable to the Mrk 290/0.01027 group. The lack of sufficient group members to provide a robust velocity dispersion leads us to discard this group from the statistical analysis despite having a warm absorber at log T(K) = 5.14 (Paper 1).
The two richest absorber environments have velocity dispersions comparable to many ellipticaldominated groups of galaxies (see Table 2 and Mulchaey 2000) . The richest "group", associated with 3C 273/0.00336, is in the southern outskirts of the Virgo Cluster with a couple of luminous early-type galaxies (NGC 4636, a 2L * E0 and NGC 4643, a 1.6L * SB0) ∼ 0.8 Mpc away from the sightline. The 5L * Sbc spiral M61 is the most luminous galaxy in the region. Similarly the PHL 1811/0.07773 group is also in the vicinity of richer galaxy regions and has a total group luminosity (55 L * ) and velocity dispersion of ∼ 600 km s −1 , very large for an isolated spiral-rich group (see Table 5 , Figure 2 and Mulchaey 2000) . This group also contains several earlytype galaxies including 2MASX J21551727-0917517 (see also Jenkins et al. 2003) , a 2L * elliptical 0.6 Mpc from the sightline. Given its large velocity dispersion and approximately Gaussian-distributed positions and velocities (comparable to many poor clusters of galaxies), this group should be searched for diffuse soft X-ray emission. Evidently, warm absorbers can be found either in small spiral-rich groups, in richer galaxy groups within filaments or in regions on the outskirts of clusters of galaxies.
A fifth nearby group is associated with the possible warm absorber, 3C 263/0.11389 (listed as a "misaligned absorber" by Paper 1 but see Appendix A for a reanalysis of this possible warm absorber). This absorber region has been surveyed for galaxies to 0.2 L * , has 7 identified group members and a velocity dispersion of ≥270 km s −1 . The three other low-z warm absorbers in Table 5 have regions surveyed to 0.2-0.3L * and only 4 group members identified. While an extrapolation from these few galaxy identifications using a standard luminosity function (Montero-Dorta & Prada 2009) suggests the presence of groups comparable in richness to Mrk 290/0.01027, deeper MOS is required to characterize them more precisely. Therefore, based on the eight absorbers in Table 5 and a ninth, possible warm absorber in Table 7 (3C 263/0.11389), the warm absorber environment is usually spiral-rich galaxy groups with total luminosities of 2-20L * (assuming the larger value for the Mrk 876/0.00315 group) and velocity dispersions of 250-450 km s −1 . A couple of absorbers are found within richer groups and in cluster outskirts with larger total luminosities and velocity dispersions. These conclusions are all based on a small size sample and need to be confirmed by discovering many more warm absorbers at very low redshifts, where galaxy groups can be characterized in detail. It will be particularly important to target groups with well-defined properties, selected consistently from large galaxy databases (e.g., SDSS Berlind et al. 2008) to verify the diversity of groups associated with these "warm absorbers". Table 6 lists all the lower temperature O VI + Lyα absorbers at z ≤ 0.15 from Paper 1. Generally the cool absorbers are in groups of galaxies with slightly lower total luminosities (L grp = 1.5-25 L * ) and velocity dispersions (∼ 130-500 km s −1 ) than the warm absorber groups. These small differences between warm and cool absorber environments are not due to these fields having a brighter completeness luminosity as all but three absorbers (3C 273/0.12007; PG 0953+414/0.14231 and HE 0153-4520/0.14887; i.e., the three highest redshift absorbers in Table 6 ) have been surveyed well below 0.1 L * . Due to the dearth of cool absorbers with good galaxy data we have added PG 1259+593/0.04625 to Table 6 . This QSO has a high-S/N (36:1) COS spectrum and has been well-surveyed for galaxies using the same galaxy redshift database and WIYN/HYDRA MOS described in Section 3.1 despite not being a sightline included in Paper 1. A detailed analysis of this absorber complex is presented in Appendix A. See Figure 3 for the galaxy distributions around cool absorbers with ≥ 8 group members identified.
Galaxy Groups Associated with Cool and Misaligned Absorbers
Interestingly, despite having similarly faint completeness limits, galaxy redshift surveys fail to find many galaxies around the misaligned absorbers (see Table 7 ). Only three misaligned absorber groups have sufficient numbers of identified group galaxies to quote a firm velocity dispersion (i.e., N grp ≥ 8). The three well-sampled groups associated with misaligned absorbers are shown in Figure 4 along with the N grp = 7 group associated with 3C 263/0.11389, which may contain a "warm absorber" (see Appendix A).
Statistical Properties of Galaxy Groups Associated
with Warm Absorbers In this Sub-section we explore the possible differences between the nearest galaxies and the galaxy groups surrounding warm and cool absorbers. Since the COS spectroscopy provides only single probes through this gas, it is not obvious whether these absorbers are small (≤ 20 kpc) and more closely related to an individual galaxy or are large (≥ 100 kpc) and are associated with an entire group of galaxies. We perform three observational tests to determine which of these two possibilities is more likely: (1). Do nearest galaxy properties or galaxy group properties differ between warm and cool absorbers? (2). Do the observed absorber line-widths and inferred gas temperature values correlate with the kinetic energy in the group as measured by the group velocity dispersion? and (3). Which potential association, nearest galaxy or galaxy group, provides an absorber size which better matches the observed impact parameters shown in columns (4) and (9) of Table 5 ? This third test will be presented in the next sub-Section.
Each of these tests is limited both by the small sample size and by the statistical and systematic errors in the absorber and group measurements. While the O VI line widths offer the most unambiguous measurement of the temperature of the warm or cool gas, the O VI line profiles also may include some contribution from unresolved components, turbulence or Hubble flow motions (see Paper 1 and Appendix A). For example, the PG 0953+414/0.14231 absorber includes two O VI components with b=19±7 and 29±4 km s −1 , but from which But this procedure does allow for the removal of other contributors to the line widths that otherwise would create large systematic errors in log T. This makes the temperatures the most reliable of these three measures since the systematical uncertainties are minimized, so that the statistical errors are a good measurement of the total uncertainties in log T. Further, the number of group members defined by the FoF algorithm is modest in most cases analyzed, making both the statistical and the systematic errors in the velocity dispersion values potentially quite large. Of particular concern are the non-Gaussian distributed velocities and sky locations of the group galaxies (see Figures 2, 3 and 4) . At issue is not only the detailed methodology for computing velocity dispersions for small numbers of galaxies (Beers, Flynn & Gebhardt 1990) but also the robustness of the group membership algorithms (Berlind et al. 2006 ), including our choice of "linking lengths". However, our tests in Section 3.1 show that the velocity dispersions computed from group membership agree to within the errors with the group velocity dispersion computed from total group galaxy luminosities under the assumption that the group is virialized. This agreement provides some confirmation for the group definition process we have used, but it may be that a combination of systematic and statistical errors in measuring absorber and group properties (T abs , σ grp , etc) may actually obscure any real correlations that are present. With these caveats in mind, the very slight systematic differences in galaxy group environments between the warm and cool absorbers in this sample are shown not to be significant in Figures 5 and 6 . The warm absorbers are found in galaxy groups which are both slightly richer (marginally greater total luminosity; K-S test probability of chance occurrence ∼ 36%) and which possess systematically larger velocity dispersions (K-S test probability of chance occurrence ∼ 36%). For Figure 5 we have used all warm absorbers in Table 5 (plus the possible warm absorber 3C 263/0.11389 from Table 7 ) and cool absorbers in Table 6 , judging that all of these fields have been surveyed deeply enough to find most of the total luminosity of the groups. For Figure 6 we have used only those groups in Tables 5 and 6 which have ≥ 8 members surveyed, so that a velocity dispersion with estimated errors is quoted. Including all groups with N≥ 3 (i.e., all values in Tables 5, 6 & 7 where a σ grp value is quoted) decreases the K-S test probability for chance occurrence to ∼ 10%, but this comparison simply requires more groups before it can be judged to show a significant difference or not. Thus, using the most secure velocity dispersion data, we find only a very slight difference (<1σ level) that the warm absorber groups have a larger velocity dispersion and higher total luminosities. Figure 7 shows that there is no dichotomy at all between the warm and cool absorbers if the luminosity of the nearest associated galaxy is plotted. In this case we have used all the absorbers in Tables 5 and 6 because the two samples have a comparable range of completeness luminosities close to their sightlines. A K-S Test yields a probability of ∼60% that these two distributions have been drawn from the same parent population. These comparisons offer no strong support for or against an association between these absorbers and either their nearest galaxy neighbors or the groups in which they are imbedded.
Dividing the full galaxy groups sample by absorber temperature may actually obscure a more conclusive result for test (1) above because the statistical uncertainties in the measured temperature for some absorbers are Table 7 (misaligned absorbers). There is no correlation present either using the misaligned absorbers or not. Table 7 (misaligned absorbers). There is a very slight (50% probability) correlation present either using the misaligned absorbers or not. However, if one point, PHL 1811/0.07773, was removed no correlation is present. so large. Therefore, in test (2) we use the raw line-width data as well as the derived temperature values, but taking the uncertainties explicitly into account. In Figure 8 we show a plot of O VI b-values versus σ grp . No correlation between these quantities is present. A weak correlation (∼ 50% probability of chance occurrence) may be present between the Lyα line width and σ grp (Figure 9 ) but its existence depends entirely on the one point associated with PHL 1811/0.07773. While any real correlation between these quantities could be masked by the potentially large systematic errors in the line-fitting, these plots offer no substantial support for or against a group origin for this gas.
However, some support for a group origin for the warm and cool O VI gas detected spectroscopically by COS is shown in Figures 10 & 11 (n.b., these plots are not fully independent since group luminosities and velocity dispersions correlate). These plots use the inferred absorber gas temperatures (Tables 2, 3 & 4) and the group velocity dispersions and luminosities (Tables 5, 6 & 7) to determine whether there is a relationship between the energy in the gas and in the galaxies as would be expected if they trace the same gravitational potential. All absorbers with reasonably robust velocity dispersions (N grp ≥ 8 members) have been included in Figures 10 & Figure 10 . Plot of log T versus Lgrp. The black symbols are those groups with Ngrp ≥ 8 members. These data result in a 95% confidence (2σ) level correlation.
11 as filled black symbols. These data result in a correlation between these two variables at the 95% level (∼ 2σ) using various statistical tests (e.g., Kendall and Spearman rank correlation coefficients). These possible correlations are far from compelling due to the small sample size and requires new observations to be confirmed (e.g., two groups, H 1821+643/0.12141 and 3C 263/0.14072, which do not appear in Figures 10 & 11 and which have log T (K) > 5.5 are in regions not yet surveyed deeply for galaxies). However, the derived temperatures may provide a better indication of the specific energy in the gas compared to the raw line widths due to the removal of non-thermal contributions to b O V I and b H I .
Also, as a follow-up to the possible correlation between group luminosity and absorber temperature, it will be important to conduct a quantitative comparison between the galaxy morphologies in warm and cool groups. While such an analysis is beyond the scope of this paper, it may provide important insights into the dynamical evolution of these groups and will be presented at a later time (Keeney et al. 2014 ).
Inferred Sizes of Warm Absorbers
The third test for discriminating between nearest galaxy or galaxy group associations with warm absorbers uses the number density dN /dz= 3.5-5 per unit redshift as a discriminator (see Section 2). The bounds on the dN /dz value above refer to the number of warm absorbers found in Paper 1 (14 plus 2 O VI-only absorbers) and herein (20 in total, including those same two O VIonly absorbers). We use dN /dz= 4±1 per unit redshift for this analysis as a compromise value between the results of Paper 1 and the results in Section 2 and Appendix A herein. Note that this value is several times less than the dN /dz for all O VI absorbers (Danforth & Shull 2008) . Here, by using a mean space density of associated objects (galaxies of varying luminosities and galaxy groups) we can use the observed dN /dz value to compute a characteristic size for the absorber assuming an 100% covering fraction. These characteristic sizes can then be compared with the observed impact parameters to determine if an association with each object class is viable.
Previously this type of analysis had been conducted for photo-ionized absorbers, which have been found to be associated with individual galaxy halos at ρ ≤ R vir at high covering factors (Tumlinson et al. 2011 ; Prochaska et al. Figure 11 . Plot of log Tgas versus σgrp for the "cool"' and "warm" groups listed in Tables 5 & 6 . This plot includes only those absorber groups with robust velocity dispersions; i.e., ≥ 8 members with measured redshifts. For a few of the photo-ionized absorbers, we have truncated the error bars on temperature from Paper 1 at log T (K)= 4.0 to be consistent with standard photo-ionization models. These data result in a 95% confidence (2σ) level correlation between these two variables. The solid line is the extrapolation of βspec = 1 (energy equipartition between galaxies and gas) from the clusters and groups data found in Osmond & Ponman (2004) ; see their Figure 16 . The dashed line is an extrapolation of the best-fit power-law for clusters and groups from Wu, Xue & Fang (1999) . See Section 4 for a discussion of the spiral-group data in comparison to the extrapolations of Osmond & Ponman (2004) and Wu, Xue & Fang (1999). 2011a; Stocke et al. 2013 ). These studies find near unity covering fractions around L ≥ 0.1 L * galaxies at ρ ≤ R vir . Stocke et al. (2013) also finds substantial covering fractions around dwarfs at ρ ≤ R vir . Among the warm absorption complexes studied in detail here (i.e., those in Table 5 ), only two absorbers (PHL 1811/0.07773 and PG 1116+215/0.13850) have low metal ions (e.g., Si II, Si III, etc) present, which are associated with the narrow Lyα component in the absorption complex. These are photo-ionized clouds that may or may not be associated physically with the warm absorber. As has been found by the three studies referenced above, these two are at low impact parameter (0.22 and 0.67 R vir ) from the nearest galaxy in the group. The remainder in Table 5 have only H I + O VI present and are found at larger impact parameters (typically at ρ > R vir ) from the nearest galaxy in the groups.
Here we use the SDSS luminosity function of Montero-Dorta & Prada (2009) to determine the space density of galaxies using our assumed H 0 = 70 km s −1 Mpc −1 value (see Table 8 ). Recently Berlind et al. (2006 Berlind et al. ( , 2008 have undertaken a census of nearby galaxy groups using the SDSS. Using their median catalog of groups converted to H 0 = 70 km s −1 Mpc −1 yields φ = 3 × 10 −4 Mpc −3 . Pisani, Ramella & Geller (2003) used a different approach which nets approximately the same space density for a group velocity dispersion of σ ≥ 200 km s −1 , which appears to be a reasonable lower limit to use in this estimate based on the warm absorber group values in Table  5 . An earlier study by Girardi & Giuricin (2000) found a slightly larger value for the space density of groups, 4.5 to 6.5 × 10 −4 Mpc −3 , but included lower mass groups that are not as good a match to the current sample of warm absorbers groups.
The Berlind et al. value (φ = 3 × 10 −4 Mpc −3 ), which will be used here for the space density of galaxy groups (see Table 8 ), is ten times less than the space density of L * galaxies, φ(L ≥ L * ) = 2.8 × 10 −3 Mpc −3 . The Berlind et al. catalog of galaxy groups are dominated by small (3-5 L> L * , members), spiral-rich groups, ≥ 80% of which are found to be virialized on the basis of crossing times < 0.3 Hubble times. Almost all of these groups are significantly richer and with higher velocity dispersions than the Local Group and so are similar to the warm absorber groups found here.
Using the observed dN /dz= 4±1 (Poisson error) of warm absorbers and assuming a unity covering factor, the required absorber sizes listed in Table 8 (column 3) were computed using the Montero-Dorta & Prada (2009) luminosity function integrated from the lower bound (L low ) in column (1) to infinity. The quoted errors in column (3) are the quadrature addition of the dN /dz Poisson error and the errors in φ in column (2). The inferred sizes obtained by this calculation are half-again larger than the virial radii of L low galaxies but much less than the maximum impact parameter observed between the warm absorbers and the nearest galaxies at L ≥ L low . If the covering factor of these absorbers is < 1 then the required absorbers sizes are larger still and so must be much larger than the virial radii of the nearest galaxies to provide a plausible association. For the 8 warm absorbers in our small sample (9 including the possible warm absorber 3C 263/0.11389 in Table 7 ), we find a maximum impact parameter to the nearest L ≥ L * galaxy of > 2 Mpc and a range of nearest L> L * galaxy neighbors of 140 kpc to > 2 Mpc. Lower luminosity bins have similar discrepancies. The last column in Table 8 shows that for all galaxy luminosities the percentage of cases where the observed impact parameter (ρ) is less than the required maximum absorber size (R abs ) is small. Unless the covering factors of these absorbers are ≪ 1 and their gaseous extents are ≫ R vir , an association between warm absorbers and individual galaxies appears unlikely. However, caution involving this conclusion is required with respect to a possible association between warm absorbers and dwarf galaxies due to the very small numbers of absorbers (3 or 2) which have been surveyed to 0.03 or 0.01L * completeness levels. Deeper observations of many of these groups are required.
On the other hand, the largest observed impact parameter between the warm absorbers and their associated galaxy group's centroid is 1.11 Mpc (PHL 1811/0.13280), with a spread in ρ/R vir values of 0.24-1.27 (see column 10 in Table 5 and the last row of values in Table 7 ). Unlike for the individual galaxies, these values fit closely with the 1 Mpc required absorber radius in Table 8 . Additionally, these numbers suggest that the warm absorbers are found approximately within the virial radius of the galaxy group. If only a fraction of spiral-galaxy groups contain warm absorbers and/or if the covering factor of these absorbers is significantly less than unity, an even larger size than 1 Mpc is required for the gas in these groups to account for the observed dN /dz value. Note well, that this size is a statistically-determined extent of the ensemble of these absorbers at high covering factor, not the physical size of any one absorbing cloud.
In summary, small galaxy groups or groups in cluster outskirts with velocity dispersions of σ ∼ 250-650 km s −1 are typical warm absorber environments. While simple a calculations assume dN /dz = 4±1 and unity covering factor comparisons between warm absorber groups and groups associated with cooler, photo-ionized O VI absorbers find little difference between these two samples, the sample sizes are small and systematics in the observables can be large. However, using the absorber temperature rather than the O VI and H I line widths results in modest (95% confidence, 2σ) correlations between log T and group luminosity and log T and group velocity dispersion. These marginal differences are suggestive, but not conclusive, that the warm absorbers found in high-S/N COS spectra are detections of diffuse gas in small, spiral-rich galaxy groups. But, using the observed absorber dN /dz and the impact parameters found for these absorbers relative to the galaxy group centroid finds support for a group association. The rather substantial dN /dz ≈ 4 per unit redshift requires these absorbers to be extended over ∼ 1 Mpc in radius at high covering factor. This large extent is consistent with the observed impact parameters between the QSO sightlines and the foreground group centroids.
DISCUSSION
The existence of a massive circum-galactic medium (CGM) or gaseous halo around individual late-type galaxies is now well-established.
Several recent studies (Prochaska et al. 2011a; Tumlinson et al. 2011; Stocke et al. 2013; Tumlinson et al. 2013; Werk et al. 2014 ) have discovered and investigated cool, photoionized galaxy halo clouds found within the virial radii of large and small galaxies. These studies used STIS and COS spectroscopy to detect photo-ionized Lyα and metal lines at very high covering factor out to at least the virial radius from the nearest, usually star-forming galaxy. The presence of similar clouds around earlytype galaxies has been proposed but is still controversial (Thom et al. 2012) . Where sufficient ions were available to provide good constraints on photo-ionization modeling, single-phase, homogeneous models were used to calculate cloud temperatures and densities from which sizes and masses were inferred (Stocke et al. 2013; Werk et al. 2014; Keeney et al. 2014) . The resulting sizes (diameters of 0.1 -30 kpc) and masses (10 1−8 M ⊙ ) of these halo clouds are consistent with estimates for high-velocityclouds (HVCs) in the Milky Way (e.g., Wakker et al. 2007 Wakker et al. , 2008 . Estimates of the ensemble mass of the cool, photo-ionized clouds around a super-L * galaxy exceeds 10 11 M ⊙ (Stocke et al. 2013; Werk et al. 2014 ). Computing internal pressures for these clouds based on the derived temperatures and densities from the photoionization modeling finds P/k ≈ 10 cm −3 K (± 0.5 dex) (Stocke et al. 2013) . Surprisingly, Stocke et al. (2013) found no evidence for a declining pressure while Werk et al. (2014) finds 2.3σ evidence for a shallow decrease in density n ∼ (ρ/R vir ) −0.8 . In either case the density decline in the halo is unexpectedly slight. It is important to be cautious in this interpretation since it rests on data from single sightline probes past many galaxies as indicative of the CGM around any single galaxy in the sample. This conclusion also assumes that the gaseous halo is centered on the nearest galaxy, which would not necessarily be the case if the confining medium were related to an entire group of galaxies. If this result is interpreted in the context of pressure equilibrium between these clouds and a hotter, more diffuse medium, the absence of a rapid decrease in cool cloud pressure with increasing impact parameter is unexpected if these clouds (and any surrounding intra-cloud medium) are related exclusively to an individual galaxy (Anderson & Bregman 2010 , 2011 .
The discovery of the 20 warm absorbers studied here may be related to the existence of the hotter gas whose presence is suggested by the cool, photoionized cloud pressures. It is important to recall that the absorbers found by Paper 1 and studied herein are too shallow and broad to have been detected in the lower S/N COS and STIS spectra published earlier. Werk et al. (2014) are found well within R vir of the nearest galaxy's halo and appears associated in some way with the cool, photoionized clouds. As found in the previous section, these "warm absorbers" are located on average much farther from their nearest galaxy neighbor (i.e., typically at ρ > R vir ) but within the confines of a galaxy group containing that nearest galaxy. Most of these warm absorbers do not contain lower ions within the absorption complex which differs from the higher column density O VI systems found by Tumlinson et al. (2011) .
While simple correlation studies fail to show strong evidence for this proposed absorber/group association, modest (∼ 2σ) correlations between absorber temperature and group luminosity and velocity dispersion were found (n.b., these are not independent correlations). Also, the observed impact parameters to the nearest galaxy appear much too large (i.e., ρ ≫ R vir in most cases) to explain an individual galaxy association with these absorbers unless the gas is extremely patchy. An association with group gas is more likely based on a match between the observed absorber impact parameters from group centroids and the required cloud sizes. While suggestive, the current data are too sparse to war-rant a claim that the warm absorbers are the first solid detections of an intra-group medium in spiral-rich galaxy groups. While this is a possibility, the 10 5−6 K temperatures of these absorbers are an order of magnitude too low to be the intra-group medium if these groups are virialized. Most likely these absorbers mark the transition regions between the hot, intra-group gas and cooler, photo-ionized absorbers (Smith et al. 2011; Shull et al. 2012; Cen 2013) . Figure 11 in the previous Section showed the T-σ absorber/group data with extrapolations from hotter temperature groups and clusters shown as solid and dashed lines. The dashed line indicates the extrapolation of the best-fit power-law from Wu, Xue & Fang (1999, as shown in Mulchaey 2000, Figure 4 ) for clusters and groups into the T-σ domain of the spiral groups studied here. It is on the basis of an extrapolation like this that M96 predicted that a typical spiral-rich group with σ=100 km s −1 would possess an intra-group gas with log T(K)=6.3. When Savage et al. (2010) discovered a broad O VI-only absorber in the COS spectrum of PKS 0405-123 whose b-value and absence of associated H I Lyα strongly suggested log T(K)=6.1, it was natural to associate this absorption line detection of warm gas with the prediction of M96. However, as shown in Figures 1 & 11 the observed (absorption-line determined) temperatures in spiral-rich groups presented herein are at least an order of magnitude lower than as predicted by the velocity dispersions of spiral-rich groups if an extrapolation of the Wu, Xue & Fang (1999) rich cluster and group data is appropriate.
More recently Osmond & Ponman (2004) constructed a large group catalog using the ROSAT all-sky Xray survey and a number of nearby group catalogs. The resulting log T vs log σ correlation found for these groups compared to a sample of rich clusters is shown in Osmond & Ponman (2004, see their Figure 16) . What is most apparent is that the groups have a much larger spread in velocity dispersion at a given log T x than the rich clusters. It is controversial whether a single power-law fits both the cluster and group data or whether the slope steepens in the group regime (e.g., Mulchaey 2000; Osmond & Ponman 2004; Helsdon, Ponman & Mulchaey 2005) . But neither the cluster plus group best-fit slope (0.71), nor the grouponly best-fit slope (1.15), predicts the gas temperatures that we observe for the spiral-rich groups. An extrapolation of a single power-law which fits both the clusters and the most X-ray luminous, hottest groups (but not the lower L x E-dominated groups) and is theoretically motivated by equipartition of energy between gas and galaxies; i.e., β spec = 1 (Osmond & Ponman 2004) is shown in Figure 11 as a solid line.
While the solid-line extrapolation comes closer to predicting the temperatures for the warm absorbers, even the β spec = 1 extrapolation falls well below the spiral data points from this study, indicating that there is proportionately more energy in the galaxies than in the warm absorber gas. If a group is still in the process of virializing, it is possible that the galaxy motions have not had the time required to heat the gas to a virial equilibrium temperature in the case that the gas has been ejected from the galaxies only recently. But it is also possible that the O VI + H I warm absorbers are sensitive only to that portion of the intra-group gas closest to the temperature where the fraction of oxygen in the O VI ion maximizes (log T(K) ≈ 5.5) and that these warm absorbers indirectly trace the presence of even hotter gas, to which the HST/COS spectra are not sensitive. At T > 10 6 K the neutral fraction of hydrogen is f HI ∼ 10 −7 (Danforth et al. 2010 ) and the fraction of oxygen which is in the O VI ion is < 10% (Bregman 2007) . If the bulk of the intra-group gas is at temperatures much hotter than 10 6 K, the warm absorbers could be interfaces with or cooler portions of this hotter gas and the bulk of the intra-group gas has not been detected directly as yet.
It is also reasonable to consider the possibility that the warm absorbers are a diffuse, high filling-factor gas in these groups as a limiting case; i.e., while not yet in equilibrium with the energy in the galaxies, these warm absorbers are nevertheless the bulk of the intra-group medium. To illustrate the consequences of this possibility, we assume pressure balance between the cool, photoionized clouds ( P/k ≈ 10 cm −3 K) and a "warm" diffuse medium with T∼ 10 5.5 K based on our warm absorber detections (see Figure 1) . This constrains the density of this diffuse gas to be ∼ 10 −4.5 cm −3 over a region with a minimum radius of ≥ 300 kpc. These density and minimum size estimates yield a minimum warm mass reservoir of ≥ 10 11 M ⊙ . An even larger gas extent at high covering factor is required by the dN /dz of the warm absorbers (∼ 1 Mpc in radius; see Section 3.5). Assuming a standard β-model ) with β = 0.67 for the warm gas density profile with a 300 kpc core radius, a maximum gas radius of 1 Mpc and a central gas density of 3 × 10 −5 cm −3 yields a total warm gas mass of ∼ 10 12 M ⊙ . However, the large extent of this diffuse gas would create unacceptably large line widths for the O VI and Lyα absorption. We estimate that the required velocity dispersions in such large structures would create line widths at least 2-3 times larger than what we find for these absorbers (see Table 2 ) either from Hubble flow broadening (unbound case) or from the substantial velocity dispersions of these groups (bound case). Also gas at the temperatures of these warm absorbers has a very short cooling time and so is unlikely to be the dominant gas reservoir around late-type galaxies and in their groups Cen 2013) . Smith et al. (2011) find that in the present epoch, most of the gas at log T(K) = 5.0-6.0 has recently cooled from hotter gas that is the dominant WHIM reservoir at z ∼0.
In order to satisfy the observations of nearly constant pressure over a minimum impact parameter of ∼ 300 kpc as well as the likely, but not firm, association of the warm absorbers with galaxy groups rather than individual galaxies, a diffuse hot medium is still required. Using Figure 11 as a guide, a reasonable temperature for the intra-group medium in groups with σ grp = 250-450 km s −1 is T∼ 10 6.5 K. Pressure balance then requires a central gas density of 3 × 10 −6 cm −3 and a total hot gas mass of ∼ 10 11 M ⊙ (see previous paragraph). The core radius (300 kpc) and full extent (1 Mpc) we assume are similar to what is found in elliptical-dominated groups (Mulchaey 2000) but the total mass is significantly less. While we have assumed a value of β comparable to that found for clusters of galaxies, Osmond & Ponman (2004) find evidence for a somewhat smaller value of β in groups which leads to a shallower density profile and a greater mass. Truncating the mass distribution at 1 Mpc may also be artificial and a substantial gas reservoir could be present farther away than 1 Mpc (> R vir ) as in the rich clusters (Simionescu et al. 2011) . Therefore, the bulk of the evidence presented herein suggests that the warm absorbers are an indirect, not a direct detection of a massive baryon reservoir of hot gas in small, spiral-rich groups of galaxies at T∼ 10 6.5 K.
SUMMARY OF CONCLUSIONS
The Cosmic Origin Spectrograph (COS) Science Team has conducted a high-S/N (≥20:1), high resolution (R ≈ 18,000) far-UV spectroscopic survey of 14 bright QSOs. Paper 1 reported some of the results from this survey concentrating on the absorbers detected in O VI. Specifically, Paper 1 identified a new class of broad, shallow O VI and Lyα absorbers which are demonstrably hot enough to be fully in the collisionally-ionized regime; we term these "warm absorbers" in Paper 1 and herein (see Figure 1 ). As a class these warm absorbers have not been detected or studied heretofore in any detail due to the absence of sufficiently high-S/N FUV spectra, which the COS GTO observations have now provided.
Additional absorption systems with and without metals from these spectra are presented in Danforth et al. (2014) . Most of the O VI absorbers were also detected in H I Lyα with COS but two O VI absorbers were not detected in H I at all and a few with broad Lyα (BLA) detections had O VI detections in the FUSE band. One possible warm absorber contains a BLA in Lyα, which is confirmed to be warm using the observed Lyβ width but has no corresponding O VI. Fourteen broad O VI + BLA detections in the Science Team's survey have absorption in these two species aligned in velocity with b-values requiring collisionally-ionized gas at T ≥ 10 5 K, so called, "warm gas". Two other absorbers found in the spectra analyzed in Paper 1 possess broad O VI absorption with no corresponding H I Lyα absorption, also requiring the presence of warm gas. In this paper the galaxy environments of these warm absorbers are investigated in order to determine the most likely type of galaxy or galaxy group with which they are physically associated. Given an association with either individual galaxies or with the entire galaxy group, the spatial extent and gas mass of these warm absorbers is also estimated. We find the following results:
1. We have reviewed the results of Paper 1 concentrating on those few broad, symmetric O VI absorbers suggestive of warm gas which were not identified as such by Paper 1 (see Section 2). While almost all of the model fits made by Paper 1 were confirmed, we suggest alternative fits for 4 absorbers only (see Appendix A). These reevaluations, plus two O VI-only absorbers that lack associated Lyα, suggest that as many as 20 warm absorbers may be present in this sample compared to 14 (plus 2 O VI-only) warm absorbers identified in Paper 1. Using the pathlength probed by these 14 high-S/N spectra of δz = 4.0, we find a dN /dz for warm absorbers of 3.5-5 per unit redshift, several times the number density of Mg II/LLS absorbers and about one-quarter of the dN /dz value for all previously-detected O VI absorbers (Danforth & Shull 2008) .
2. Spiral-rich galaxy groups are found around the location of most of these warm absorbers with total luminosities of ∼2-26L * and velocity dispersions, σ = 250-450 km s −1 . These groups have 2-5 bright (L≥L * ) group members that are usually luminous early-type spirals. However, two warm absorbers have galaxy environments more appropriately described as cluster outskirts or as a galaxy group within a filament between clusters. These two warm absorber groups have velocity dispersions of ≥ 500 km s −1 , total luminosities of ∼30-60 L * and brightest galaxies that are 2-4 L * early-types. 3. Evidence is presented in Section 3 that the warm absorbers are more likely associated with the galaxy group than the nearest galaxy, although this evidence is not entirely conclusive due to the small sample size. Group properties associated with either warm or cool absorbers do not show significant differences. Modest (95% probability) 2σ correlations are found between both the total group luminosity and also the gas temperature in comparison with the group velocity dispersion (Figures 10  and 11 ). On the other hand we find no evidence favoring an association with the nearest galaxy neighbors to these absorbers.
4. The large dN /dz≈ 4 per unit redshift favors an association with galaxy groups rather than individual galaxies (see Table 8 in Section 3.5). Regardless of their luminosity, most of the nearest galaxies are systematically too far away from the warm absorbers to be viably associated. On the other hand, if the associations are with galaxy groups, then the impact parameters match the absorber sizes of ∼ 1 Mpc radius required in the case of high covering factors. One Mpc is also the approximate size of the virial radius of these groups, if they are in fact gravitationally bound. But in this case the rather narrow O VI and Lyα line widths observed are explicable only if these absorbers are individually small with respect to the galaxy group but which in ensemble cover the entire group at very high covering factor.
5. While the T-σ relation for spiral groups in this sample ( Figure 11 ) lies well above an extrapolation of the relation seen for clusters and elliptical dominated groups, the data for spiral-rich groups lie much closer to an extrapolation of the cluster + group X-ray data if equipartition of energy between gas and galaxies (β spec = 1) is assumed. However, the temperatures of the warm gas (see Figure 11 ) are approximately one order of magnitude too cool to be diffuse group gas if β spec = 1 and if the group is virialized. The origin of this discrepancy is not known. It could be that the O VI absorption is not tracing the bulk of the intra-group gas but rather the gas at the temperature to which the O VI is most sensitive, T ≈ 10 5.5 K. In this case hotter gas likely is present in these groups but is not easily detected in the COS FUV absorption-line spectra.
6. The observed, nearly-constant, cool cloud internal pressures ( P/k ≈ 10 cm −3 K; Stocke et al. 2013; Werk et al. 2014 ) as a function of impact parameter require a very large, diffuse intra-cloud gas to confine these clouds. While the warm absorbers could be detections of this massive, diffuse gas reservoir, it is more plausible that these warm clouds are a tracer of even hotter, diffuse gas which confines the cool, photoionized clouds. Three observables favor this interpretation: (a) the warm absorber O VI and H I line widths are too narrow to be gas distributed over a large region of a bound or unbound galaxy group; (b) the warm absorber temperatures are in a regime where diffuse gas is quite unstable to rapid cooling so that a large diffuse gas reservoir would be difficult to maintain at that temperature; and (c) the warm absorber temperatures are an order of magnitude too cool to be virialized gas in the groups we have found (σ=250-450 km s −1 ; see Figure 11 ). In the context of a standard β-model with a core radius of ∼ 300 kpc and a full extent of ∼ 1 Mpc (based on the results described in the previous Section) we find a total mass of ∼ 10 11 M ⊙ for this hotter gas based on pressure equilibrium with the cool, photoionized clouds. These values for the spiral intra-group medium suggests a similar extent to the gas in elliptical-dominated groups (Mulchaey 2000) , but less mass. This amount of gas also is quite similar to the amount of "missing" baryons required to bring spiral galaxy groups up to the cosmic mean ratio of baryons to dark matter. If the conclusions summarized in this paragraph are correct, spiral galaxy groups could be "closed boxes" for cosmic evolution like their more massive counterparts which contain dominant ellipticals.
Regardless of their detailed interpretation, these warm absorbers are detections of local baryons not inventoried before. As such these absorbers will add to the baryon census, but with an amount that can only be determined by making an independent measurement of their size and filling factor. New HST/COS FUV spectroscopy of QSO sightlines passing through pre-defined low-redshift galaxy groups will be important in confirming or denying the presence of warm gas in spiral-rich galaxy groups. These suggested observations could establish the cosmic importance of this warm gas and the hotter gas which it probably traces. This work was supported by NASA grants NNX08AC146 and NAS5-98043 to the University of Colorado at Boulder and the University of Wisconsin at Madison for the HST/COS project. JTS, BAK and HY are partially supported on NSF grant AST-1109117 for the galaxy redshift survey work. TSK acknowledges current support from a European Research Council Starting Grant in cosmology and the IGM under Grant Agreement (GA) 257670. ERW acknowledges support of Australian Research Council Grant DP1095600. Dr. Steven Penton is thanked for help with the galaxy redshift survey database. The authors thank an anonymous referee for her/his persistence in pointing out to us the line-width problems created by models in which these absorber detections are a diffuse gas reservoir.
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APPENDIX
A. DETAILED REANALYSIS OF A FEW "WARM ABSORBER" CANDIDATES
In this Appendix we present detailed line fits to a few BLA plus broad O VI absorbers which may contain T > 10 5 K gas, but were not included as warm absorbers in Paper 1. These fits do not replace the line fitting done in Paper 1 which was accomplished with no prior conditions and executed in a conservative manner; e.g., minimum number of components, no requirement to have Lyα align with O VI necessarily, etc. (see Appendix in Paper 1). Here we take a different tactic by adopting an aim to determine the maximum number of plausible warm absorbers which might be present in this sample. We do this by first analyzing the O VI absorption which is less contaminated by lower temperature, photo-ionized gas than Lyα. If the O VI absorption is smooth and symmetrical to the limits of the S/N, then we fit this absorption with a single component and assume that the observed b-value is mostly due to thermal motions. With the O VI fit in-mind we then fit the complex, multi-component Lyα line, constraining the fit to include a component aligned with the broad O VI absorption. If this analysis shows that a BLA can be present with a velocity consistent with the O VI and an observed b-value consistent with T > 10 5 K gas, then this absorber is added to the list of plausible warm absorbers in this sample.
See the Appendix and Table 5 of Paper 1 for the Lyα and O VI line fits of these 10 absorbers, which we now discuss one-by-one. For each absorber we first describe the results of Paper 1 and then the new analysis is presented in the second paragraph. We emphasize that these re-analyses represent alternative absorption-line component deconvolutions, not necessarily superior ones, to those found in Paper 1.
A.1. PKS2155-304/0.05722 Because the Lyα and O VI absorptions do not align in velocity, Paper 1 did not analyze this system in detail. However, the O VI absorption visible in a high-S/N FUSE spectrum is quite symmetrical and has a velocity within the span of the Lyα profile. This system has been studied in detail by Shull et al. (1998 Shull et al. ( , 2003 including a reconciliation of the O VI detection and possible Chandra O VIII detections. Shull et al. (1998) also identified a small foreground group of galaxies at the absorber redshift and provides accurate H I emission velocities for each group member detected. Therefore, it is worthwhile to consider this absorber in the context of warm gas.
Despite attempts to constrain a BLA absorption component to be coincident in velocity with the broad O VI, the closest offset finds the O VI centroid 46 km s −1 higher in velocity than the nearest Lyα component. Because the Lyα absorption is found in both a COS and a STIS spectrum and the O VI was detected by FUSE, a velocity offset is possible. However, the FUSE LiF2a spectrum and the COS spectrum detect the same Galactic Fe II 1144.8Å line with a velocity offset of only -10 km s −1 . Therefore, the O VI absorption remains inconsistent (∆v ≥ 36 km s −1 ) with any Lyα component and no warm absorber is present in agreement with the conclusion of Paper 1. Table 9 ) in blue. The redward (longest wavelength) BLA was constrained to match the redward of two O VI absorbers to ∆v of ±10 km s −1 Table 9 Profile Fit Results: 3C 273 z abs = 0.09010
Lyα 1216 −226 ± 3 22 ± 4 12.47 ± 0.05 −83 ± 2 49 ± 3 13.23 ± 0.02 +12 ± 2 23 ± 3 13.06 ± 0.09 +26 ± 10 52 ± 11 12.92 ± 0.10 O VI 1032 −68 ± 13 ∼ 20 13.0 ± 0.3 +32 ± 10 ∼ 20 13.1 ± 0.02 O VI 1038 +35 ± 10 ∼ 26 13.5 ± 0.02
A.2. 3C 273/0.09010 Paper 1 reports that this system contains three Lyα absorption lines which are nearly completely disjoint in velocity while the O VI absorber is displaced by ≈ 30 km s −1 to higher velocity. The best fit to the redward of two closelyspaced Lyα components (see Figure 12 ) is quite acceptable but leaves open the possibility for the presence of a broad component that could align with the observed, symmetric O VI absorption.
In our reanalysis of this absorber we have fit the Lyα absorption with four components, constraining one of the components to align with the symmetrical O VI absorption line. Our best fit for this aligned component finds b H I = 49±3 km s −1 and b O V I ≈ 20 km s −1 (see Table 9 ). The combination of b-values results in a thermal width of ≈ 46 km s −1 and log T (K) ≈ 5.1. Therefore, we judge that this absorption system likely, but not conclusively, contains a warm absorber. This new fit is shown in Figure 12. A.3. PG 1116+215/0.13850 Despite a broad (b= 36 km s −1 ), symmetric and aligned O VI absorption line well-measured with COS, Paper 1 finds only minimal evidence for a BLA setting a temperature of log T (K)=4.72, consistent with very low density gas Figure 13 . The Lyα, Lyβ and O VI doublet absorption lines for the PG 1116+215 z abs = 0.13850 absorber with our revised models (see Table 10 ) over-plotted in blue. The BLA component is displayed on the Lyβ profile for illustrative purposes only.
in photo-ionization equilibrium. The combination of the Lyα and O VI b-values obtained by Paper 1, suggests that the line widths are dominated by turbulence. This would be an unusual situation given the striking symmetry and lack of structure in the COS-observed O VI line.
An alternate extraction of the same data by Danforth et al. (2010) finds a slightly stronger blue wing to the Lyα line which is aligned with the O VI (see Figure 12) . A best-fit b(H I) = 86± 11 km s −1 BLA is found, which is aligned to within the velocity errors with the O VI 1031, 1038Å b = 35±5 km s −1 absorber (see Table 10 ). This combination 
Lyα 1216 +3 ± 5 86 ± 11 13.6 ± 0.1 +8 ± 1 31 ± 2 14.8 ± 0.1 Lyβ 1026 +10 ± 1 28 ± 1 15.3 ± 0.1 O VI 1032 +6 ± 2 37 ± 3 13.8 ± 0.1 O VI 1038 +3 ± 5 32 ± 5 13.8 ± 0.1 N V 1238 0 ± 2 14 ± 3 12.9 ± 0.1 Si IV 1394 −7 ± 2 ≤ 5 12.9 ± 0.1 C IV 1548 −9 ± 3 17 ± 4 13.3 ± 0.1 1550 −1 ± 6 26 ± 5 13.4 ± 0.2 Si III 1206 −2 ± 1 11 ± 1 12.8 ± 0.1 C II 1334 −2 ± 1 8 ± 1 14.0 ± 0.1 1036 +2 ± 1 14 ± 2 13.8 ± 0.1 Si II 1260 −7 ± 2 15 ± 2 12.5 ± 0.1 1193 −7 ± 1 13 ± 2 12.8 ± 0.1 Figure 14 . The Lyα absorption lines as extracted and fitted by this analysis (at left) and by Paper 1 (at right). The Paper 1 extraction includes an attempt to remove fixed pattern noise (see Paper 1 for details), which this analysis does not employ. In both cases a blue-wing is present which we fit as a BLA component using the extraction at left (see Table 10 for detailed solutions).
of observed b-values yields b T = 81 ±14 km s −1 , log T (K)= 5.6 (+0.1/-0.2) and b N T ≈30 km s −1 . A narrower Lyα component is well-matched (b = 31± 2 km s −1 ) to the widths of the low ion metal lines (see Figure 13 and Table  10 ). However, a curve-of-growth (COG) analysis using 3 Lyman-series lines finds an order of magnitude more column density than as shown for Lyα in Table 7 and a 10 km s −1 lower b-value for the cool component. Also the N V 1238 A and C IV 1548, 1550Å absorptions have b-values intermediate between the C II and O VI absorptions. Clearly the photo-ionized absorber in this system is more complex than a single homogenous cloud. Using the COG values for the cool absorber does not change the best-fit to the warm absorber component.
For clarity in Figure 14 we show the Lyα absorption profiles for this absorber as extracted and fitted by Paper 1 (at left) compared to the extraction and analysis reported herein (at right). While a blue-wing is present in both cases, it is present more clearly in the extraction shown at left. In the spirit of the reanalysis presented here, we adopt the line-fit shown at left in Figure 14 in which a BLA is found coincident in velocity with the broad O VI (solution presented in Table 10 ). We conclude that the PG 1116+215/0.13850 absorption complex very likely contains a warm absorber.
A.4. PHL 1811/0.17651
The best fit to the 1038Å O VI absorption is broad (b = 20 km s −1 ) and symmetric; the 1032Å line is obscured by Galactic Lyα. The C III 977Å line shows two components, the red-ward component quite narrow (b ≈ 8 km s −1 ) and the blue-ward one unmatched either in Lyα or O VI. The two-component fit to the Lyα line in Paper 1 does not yield either a broad or an aligned component. Therefore, no absorber temperature was derived and no BLA obviously detected. However, the O VI velocity centroid is within the velocity spread of the Lyα absorption, suggesting that a BLA at the O VI velocity could be present.
However, in investigating this system further we find that for C III the broader, blue-ward component (see Figure  A4 in Paper 1) is identified as Lyβ at z = 0.12051. Additionally, Lyγ in this system is confused by the presence of an Fe II HVC so that little useful detail can be derived from it. Refitting Lyα unconstrained by Lyγ can produce a two component fit with one component aligned with the broad O VI. However, the width of this line cannot be much broader than the fit in Paper 1. Therefore, our reanalysis of this system concludes that a warm absorber is not present, consistent with the conclusions of Paper 1. A.5. H 1821+643/0.17036 In this case the O VI absorption is fitted by Paper 1 as two components, one of which is extremely broad (≈ 80 km s −1 ). However, the continuum is poorly defined in this region due to the presence to the blue of Galactic Si III and an intervening Lyman series line at a different redshift. The resulting O VI absorption is quite shallow (see Figure A6 in Paper 1) and, while a symmetrical O VI component could be present, the overall profile is not obviously Gaussian. The velocity centroid of the O VI is well within the velocity spread of the Lyα absorption line complex, which is fit by three overlapping components. The best-fit solution in Paper 1 does not yield an alignment between the very broad O VI component and any of the three Lyα components. A second, weaker O VI line coincident in velocity with a BLA component yields log T (K)= 5.10, but the O VI line fitting is uncertain due to an uncertain continuum.
In refitting this absorber we started by removing the higher-order Lyζ line at z =0.29686 using a model for the line strength and width obtained using curve-of-growth fitted values. Then, instead of allowing the fit to proceed without constraint as in Paper 1, the two O VI components were constrained to align with the two higher redshift components in Lyα. In this case a poorer fit to the data was obtained compared to that of Paper 1 but two aligned components resulted (see Figure 15 ). For the Lyα/O VI component at ∆v ≈ -100 km s −1 the fitted H I and O VI lines have nearly equal b-values of ≈ 50 km s −1 implying that the line widths are dominated by NT motions and the bulk temperature of the gas is quite low, consistent with photo-ionization equilibrium. In our minimally constrained model, the component at ∆v ≈ +30 has b OV I = 47±8 km s −1 and b H I = 34 ± 2 km s −1 , an unphysical result. Adding a fourth component specifically at the broad O VI velocity is allowed by the data but results in a b H I ≈ 50 km s −1 , yielding an absorber at log T (K) < 5.0, with substantial NT motions. Thus, attempts to constrain two Lyα and O VI absorbers to match in velocity result in a poorer fit than in Paper 1 and no second warm absorber. Therefore, we adopt the solution of Paper 1 for this absorber as its best description. Figure A8 in Paper 1), but could have excess absorption redward of line center. Paper 1 had already fit a BLA with b =82 km s −1 which left most of the total b-value being due to NT motions but with a significant thermal component and a best-fit log T (K)=5.07. Thus, a warm absorber was judged to be present by Paper 1.
However, while neither the O VI nor the Lyα profiles demand it (i.e., the fits obtained in Paper 1 are fully acceptable), we have refit both lines with two components. The second component in O VI is ∼70 km s −1 redward of the stronger component shown in Paper 1, Figure A8 . Constraining Lyα to match the two O VI components results in two BLAs with b= 45 and 90 km s −1 . These fits are shown in Figure 16 with parameters listed in Table 11 . This alternative fit confirms that at least one warm absorber is present and that two broad components can fit these data. However, even attempting to constrain the lower redshift Lyα absorber does not yield a velocity alignment with the O VI and further requires b O V I ≈ b H I . Thus, this component is significantly misaligned and the O VI and Lyα b-values cannot be used to constrain physical conditions. The higher redshift component has the Lyα and O VI lines aligned to within the rather wide errors. Adopting b O V I ≈ 40 km s −1 for the higher redshift absorber yields a thermal b T ≈ 83 (+16/-24) km s −1 and log T (K)= 5.8 (+0.2/-0.3). This is hotter than the warm absorber derived in Paper 1. Although this two-component fit is not demanded by the data, the O VI and Lyα profiles are suggestive of two absorbers, so we adopt the solution in Table 11 for the best description for this absorber. A single warm absorber is confirmed but at a higher temperature than derived by Paper 1. Both the O VI and the H I are broad and have a complex profile in this absorber. Because the Lyα components are comparably broad to the O VI components aligned with them, Paper 1 judged most of the b-value to be NT and derived temperatures consistent with photo-ionization in a very low density gas.
A reanalysis of this system finds good two-component fits to O VI, Lyα and Lyβ, which are not inconsistent with the detailed fits in Paper 1. We conclude that, while a BLA is present, the b-values are consistent with photo-ionized gas in this system. Thus, we adopt the component fit of Paper 1 and conclude that no warm absorber is present. Figure 15 . The Lyα and O VI doublet absorption lines for the H 1821+643 z abs = 0.17036 absorber with our revised models over-plotted in blue. Careful fits to the Galactic Si III and intervening Lyζ (z abs = 0..29675) are shown in red and green, respectively. In this case the new models are not so dissimilar from the Paper 1 models and no new warm absorber is claimed. 
Lyα 1216 −7 ± 3 45 ± 3 13.9 ± 0.1 +25 ± 10 90 ± 9 13.7 ± 0.1 O VI 1032 −34 ± 6 37 ± 8 13.9 ± 0.1 +35 ± 10 40 ± 17 13.6 ± 0.2 A.8. PKS 0405-123/0.09657 Due to potentially different wavelength calibrations for the O VI line in the FUSE band and the Lyα line in the COS band, Paper 1 questioned whether the broad, symmetric O VI absorption at this redshift was associated with a narrow or a broad Lyα absorption, which differ only by 11 km s −1 . In the end Paper 1 concluded that the broad O VI was better aligned with the narrow Lyα requiring log T (K) = 4.30 (+0.21/-01.02), but noted that the warm absorber association appeared equally likely.
In this absorber the Lyβ line is detected clearly in the FUSE spectrum adjacent to the O VI absorber at a velocity 17 km s −1 lower than the O VI absorption based on our analysis. The detected Lyβ must be associated almost exclusively with the narrow Lyα component, which is 4-5 times stronger than the BLA. This analysis provides a wavelength offset for these two spectra which places the O VI absorption much closer in velocity to the BLA (∆ v = 6 km s −1 ) than the narrow H I component. We conclude that the O VI is associated with a BLA in a warm absorber and retain the values suggested in Paper 1, including log T(K)=5.48±0.05. However, because the PIE/CIE determination rests solely on a wavelength solution which is uncertain at the level to which these two absorption systems differ, we conclude that this absorber's temperature can not be determined within a reasonable doubt. On this basis we have excluded this system from the analysis herein and ascribe it neither as a warm nor a cool absorber. Table 11 ) over-plotted in blue. The redder O VI component is aligned with the broader Lyα component to within the errors in the velocity calibration.
Table 12
Profile Fit Results: PKS 0405−123 z abs = 0.29770
Lyα 1216 −51 ± 30 100 ± 10 13.15 ± 0.10 −45 ± 3 30 ± 3 13.78 ± 0.05 +29 ± 10 31 ± 8 13.3 ± 0.2 O VI 1032 −50 ± 4 56 ± 4 13.55 ± 0.10 A.9. PKS 0405-123/0.29770 In this case, the O VI absorption is very broad and symmetrical. In order to fit Lyα with the minimum number of components (2), the width of the Lyα is only slightly broader than its associated O VI. Paper 1 judged this O VI absorber to have a width dominated by NT motions and a derived temperature of log T (K) =4.62 consistent with photo-ionization in a low density gas.
The symmetrical O VI absorption suggests that the dominant broadening mechanism in this absorber is thermal. In this case a third component was added at the velocity of the broad O VI absorber to the two found in Paper 1. The resulting three Lyα components are shown in Figure 17 with their particulars recorded in Table 12 . While the b-value of the very broad component is not tightly constrained, a significant column density BLA with b= 86 (+14/-17) km s −1 is suggested which results in log T (K) = 5.7(+0.1/-0.2), considerably hotter than the model adopted in Paper 1. We adopt this new three component fit which results in a new warm absorber in the sample. A.10. 3C 263/0.11389 This absorber has an O VI aligned with a rather narrow (b= 20 km s −1 ) H I line leading Paper 1 to conclude that this absorber is in photo-ionization equilibrium. In addition, there are two BLAs with no associated O VI absorptions. Therefore, these absorbers are judged to be misaligned and are not interpreted in Paper 1. Table  12 ) over-plotted in blue. The broad Lyα component is aligned with the O VI profile.
Our analysis reproduces the detailed three component fits in Paper 1, including the exact b-values of each H I component. In addition, we use the FUSE Lyβ absorption to make a two-line (Lyα/Lyβ) COG analysis which finds b= 48 km s −1 for the lowest velocity component, consistent with the b=47±1 derived from the Lyα line alone. This consistency suggests, but does not demand, that the lowest velocity H I component at ∆v = -219 km s −1 is a metaldeficient BLA and warm absorber. The ∆v = -44 km s −1 component is confirmed by our reanalysis to have a large b-value but the absence of detectable Lyβ for this component leaves us unable to draw any firm conclusion as to its physical details. Additionally, the ∆v = -44 km s −1 portion of the Lyα absorption complex (see Figure A13 in Paper 1) appears to have structure in the absorption making it an unlikely BLA. We conclude that the detailed fit to this absorber obtained by Paper 1 is the best description of this absorber but also that an H I-only warm absorber is possibly present with log T (K) ≈ 5.14.
B. BASIC GALAXY DATA FOR GROUP MEMBERS ASSOCIATED WITH WARM, COOL AND MISALIGNED ABSORBERS
In this Appendix we tabulate the group members for all warm, cool and misaligned absorbers (in that order) with N grp ≥ 8 members (see Tables 5,6 & 7 in the main text). The absorber 3C 263/0.11389 with N grp = 7 members has been added because it may contain a warm absorber (see Appendix A and Figure 7) . The galaxy redshift data comes from a variety of sources including a combined redshift catalog of nearby galaxy redshifts (Catalog Stocke et al. 2006 (Keeney et al. 2014) . A complete listing of all galaxies surveyed in these latter redshift surveys will be presented at a later time (Keeney et al. 2014) . See Section 3 in the main text for a description of these various sources which are listed in column (4) of the following tables.
These tables include by column: (1) galaxy name or "..." if unnamed; (2) and (3) galaxy RA and DEC in J2000.0 equinox coordinates; (4) the source for the redshift as described above; (5) the heliocentric redshift (± 30 km s −1 ); (6) the galaxy g-band luminosity in L * units; (7) the impact parameter from the sightline to the galaxy in kpc; (8)the impact parameter from the sightline to the galaxy in units of the galaxy's virial radius (see Figure 1 in Stocke et al. 2013) ; and (9) the velocity difference between the galaxy and the absorber. 
